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t:llowing feasibility studies in the winter of 86/87 it was clear that it was

tossible to record first class F.T. Raman spectra using a small analytical
grade infrared interferometer modified to-operate in the near infrared*!:Z,
Perkin Elmer (UK) Ltd therefore placed a basic interferometer at Southampton
iz August 1987 and the Southampton group embarked on a development programme
t> produce a fully operatiolnal spectrometer capable of running in the open
lzboratory on a routine basis. The first model was_shown at the first meeting _
c¢zdicated to F.T. Raman spectrometry held at Southampton in April 1988. By
I:pzember 1238 the machine was ready to show at an international conference

. B

tiwe techniqus nad appeaved’

Jiziim Zlzar aa2 Dullt theilr own proctotype by this time and progress on thig
z=2 ths Socuthampton machine was reportea*“:s. whilst the details of the
szactrozater were submitted to an analytical journal''® and the instrumental

s:vsics elsewnere®:>,

T:2 subject as a whole has recently been reviewed!’. Several other reviews

-:=7ve beex produced by the Southampton group including the application in the

Ze2micai industry!-® and an account in French!*? and another in Spanish!-1?,

D, U 1



Papers actually published:-

1.1

AR e+ e

S F Parker, K P J Williams, P J Hendra & A Turnmer. J.App Spect. 42 1988

796.

S F Parker, K P J Willjams, P J Hendra & A Turner. Microchim Acta li
(1988) 23. .

D J Cutler, P J Hendra, H M Mould & R A S Spragg ICORS 1988 Proceedings
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P 0 Zandra & H M Mould, International Laboratory 34 Sept (I988)

S SO S ¢ a2 a v Twlier. J.llazan Spect (1389)
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M Ezoniet, T Jawhari & I A M Royauld. J de Chim Phys. (1989)

A Sz=mchez Blasquez. Optica Pura y Aplicada (1989)
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2. cations ‘o () () emis
2.1 Introduction
The Southampton group have had a first class (probably unequally
so) F.T. Raman instrument available since January 1988. The group
is large (curreptly 2 Physicists and 12 Chemists) and all to
varying degrees a;e involved in the F.T. Raman programme. As a

result we are in a quite unique position to develop application

across a wide range of chemistry. We have involved numerous

collaborators, several of which have either started to support
students or have agreed to do so in the Fall. It is amusing for

© = that napers are still appearing describing new

inziruments and offering odd spectra proving ctheir £

P‘.
a
Fel
]
({7
)
or
p

zdysmal performance {c.f F J Purcell Spectroscopy Current Ecdition
% 254-33 (1989)) while we left this stage behind months ago and are
caveloping the applications and have been doing so for 1-1/2

years.

The survey of applications is very abbreviated due to lack of
space. If any readers would appreciate further details, we would

be delighted to supply them.

-norganic Species +

Vanv deeply coloured inorganic materials impussible or difficult

20 study bv conventional methods appear to be easy using nir/F.T.

inions including ¥Mn0, - a novel result®!. It has also been
t2ssible 2 show tnat the literature is in some disarray over the

.Lolesicells interesting corplew Ni Dimethvl Glyoxime. This

=stnods. W& iave had conspicuouds success with s range of tetrouy
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material contains a very strong hydrogen bond (gossibly a
symmetrical 0--H-~--O moety). The resource Raman spectrum has been

recorded previously and assigned on the basis that it is a

resonance enhanced spectrum. We have shown this is not the case

nd are very unhappy about the aéé_igmnent of vibrationa! bands to

the vibrations of. the OHO group. The work nears completion.

wa have examined a range of tellurium organometallics and their
cczplexes. The high quality of the data has enabled us to cle;r
tp an anocaly in the literature where it is suggested that R,Te
=ight be linear. It is not, and the work is being prepared for
z2blicatizn,

d3any other inorganic components have been exanmined wizh the
conclusion that the method is a little suspect for transition
2lement chemistry. High oxidation states of o, VIV, Mn"l, cull,
eI  and several others have been identified as problematic

since absorption of the laser occurs. C(Clearly this problem needs

Zurther clarification.

- Collzborz:ars - Universities of South Africa (Pretoria) and Reading (UK),

Departments of Chemistry.




A huge number of specimens have been examined under this heading

.. - .and.numerous papers are either in press or publication. Completed

work includes -

Crystal]—.i;\it:y dé;rminati—ohs in p;_fyether k—etone and Vpolyetl:é'r

ether ketones. We are reporting_r some success in homopolymer and
glass fibre filled composites?*. The analysis of Aryl ether
sulphone,/ether ether sulphone copolyrers is regarded as difficult

but is facile using F.T. Raman techniques?-3.
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Partial analyses of the spectra of polyphenylene sulphide!'!® and
modified P.P.0.!-!° are in preparation for publication or in press
whilst work on liquid crystal polymers is in hand. In these,
spectral charges through and above the melting point are of

interest. -

Several fibre systems have been studied including acrylonitrile
copolymers. It has been possible to examine the undyed fibre, the
dyed one and subtract out the features due to the dye. Shifts due
to cve/rolvmer surface or bulk interactions are of interest. A

reliminzzy report has been madel:®, Other fibres are also

J

[

cc258ibl2 ircluding rztural, bleached and dyed cotton.

w nizhly Izperzant part of the Polymer Industry is the manufacture

cIotxims TLl Liadyr oD to. mechanism of ‘curing' processes ic

b BN Ry




normally carried. out using infrared measurements on varnishes.
Pigments cause severe scattering problems spoiling the infrared
spectra thus the use of wvarnishes, yet it is known that the
: pigments play a vital role in accelerating and/or ;alterirrxg‘ curing

reactions. We have been able to record superb spectra on several
:; paint systems invo.lving alkyd resins and are in process of
investigating the kinetics of curing. A preliminary publication

is readr for submission.

Tha curing of other bulk polymer systems such as epoxy resins is
2lso fazile using F.T. Paman measurements and some results have

~oon Incluled in falks given recently. )
- Co._z-orators ICI Petrochemicals & Polymers Div (Wilton UK) 1ICI
Paints Div. (Slough UK) & Courtaulds Plc (Coventry UK)

2.5 drugs and Explosives +

Working with the Hampshire County Constabulary and assisted by the
Home Office Forensic Science Lab Aldermaston we have been able to
show that F.T. Raman methads enable us to identify dangerous drugs
includinz heroine, cocaine, amphetamines and morphine. The
experimental arrangements are most attractive to the Police
because =5 scientific skill is required in loading the sample
cavity a=2 placing it in the instrument. Further, software helps
the diazmasis so the rcethod can be applicable in operational

To.ize wrrk not only as a Court acceptable Forensic tool. The

slize 211 us cthat this facilify opens up a whole new vista for

* =hzz and :sonsiderable interest is being generated?:S.

Pizilav rrements can be made vegariing explosives. We have been




as pure compounds, mixtures/blends except for the dark coloured

propellants. We are told by the Ministry of Defence with whom we
are collaborating that c:.oupled with their existing identification
methods F.T. Raman is likely to be ‘invaluable in diagnosis. The
current methods ’ involve solution/extraction, separation and
chromotograhic analysis and are very slow. F.T. Raman can either
prcvide results on 'as supplied’ specimens or on separated or
extracted materials. One of the outscandin'g features of this work
{5 that we have been able to study nminute samples (dowm to ~ 5

P et - X

320t The comzleted werll in tiils continuing rrocramne 15 AT
poesst
Collaborators Hampshire County Constabulary (Winchester Ui) & the

Royal Military College of Science (Shrivenham UK).

Surfacess Surface Enhanced Raman Spectroscopy (SERS)

One of our early successes was the demonstration of SERS spectra.

In facz it was this success that enabled us in Marchi 1588 to

o]
wr

tair Zrom the Science and Engineering Research Council Funds to

(48

zvelor a second F.T. Raman instrument. Cur original work centred

izz Pyridens: Ag, Cu and Au svsiczs and 1as been

Tuzilsnodes, CI partizular interes:t is :ni: the  'white’

It v TT I Egniliorin 226525 studies s re—sraxably strong_ir

T T nfvavea. the Surizce Enhagncersnt s Losxpesto il
-l Jothat srelTva are resoviod se B saicll
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--- that -detalled .chemical work i{s now possible. _‘St:udiufon the

eguilibria at electrochemical surfaces have become possib}e since
sets of spectra over wide ranges of pH, electrolyte conc. or
temperatv~e are facile. A detailed programme in this area is in
SIS oGS, In addition, a programme on the Ferri/Ferro
cvanide/gold system {s awaiting publication?®, whilst others on
Au/CNST  and Cu/polyethylene glycol will be complete and
publishable in the Autumn. In all cases superbly detailed spectra
at various potentials and electrolyte concentrations have enabled

3 o give a detailed insight into the reactions occurring at the

:.r2zvod2/electrolvte interfaces.

.7 7.2 late siities we showed that Raman spectra could be recordad
i zsze catalysc systems and that the adsorbed organic molecules
cz..Jd be readily observed as they sorbed and reacted. The
t:zhnique did not however develop because in chemically useful
s.s3texs (e.g. cracking catalysts) fluorescence made measurement
Iz-ossible, By 1975 the technique had been rejected almost
gverywhere when it was realised that all efforts to reduce

Il.crescence had in effect failed.

v: have re-investigated this area anda as we expected to do, have
snzwT. corsiderable progress. The area inr which we have
JrnzenTrateld involveg_ghe zeo{}fgs. We have sorbed pyridine tc
rir;2 of zeolites (acidic and sodium treated) and made assavs

T surizTo—ootiviess We—have then_extended_our worll o

S.-0 T de-2Tuminatel materials and have examined samples
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exposed to pyridine at high temperatures. Current methods of

assaying zeolites involve the use of infrared methods and are far
from satisfactory. Our collaborators describe the new F.T. method

as outstanding - the first really useful technique for doing this

vital job. A hote on this subject has been submitted for

2.9

publication®®, whilst a full paper is in preparation. The work,

of coursz, continues.

Zeolitic catalysts are tonnage materials in the chemical industry
1riare used in a wid: var-o of veacztions. We have started work
TIImoczomovroosose o samdaes e s DT Ay Tigh thi

Tl oo IlnTivest Live (s to test tue feasibiiicy of
foliowing this type of reaction using F.T. Raman methods and then
to explore mechanisms, types of acid sites involved and the role

oI temperature.

ators Crossfield Chexicals Ltd (Warrington UK) and University of

Reading (UK)
Zlzstomers +
Progress in this area has been so rapid that we have deliberately
setarated it from "polymers". Superb analytical data is now
¢vzilable on acrylonitrile butadiene copolymers, butadiene styrene
c:zolvzers - there is no doubt that as an analytical procedure the
:tnod will prove wvaluable in assaying cis: “:vinyl and A:B

c:22lvzer cencentrationst ot Crosslinking reactions and the

— e zlIaniee a’*c bimerics thr—eeof is—=ttll ofcomsiderable relevance

ctosiznificance oo thoe vubber industry. We have recorded
sifis results anowovar® tv oof sulphur vulecanication reaction

' '

TUvO s 0t L LTutan Taooe o ane othev elastomers. We sev ‘new
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bands due to sulphidic constituents and are deeply involved in

an extended programme in this area. A preliminary report has been

o

submitted for publication®!® and another will follow surveying

=vogress in this field in September.

When crosslinked elastomers are extended, orientation and

crvstallization occurs. The experiment can very conveniently be

czrrizd out in the sample area of the F.T. instrument and has

wieldad some superb data. We clearly see the appearance of bands
in th2 spectrum, at high strains originating in oriented
._line material. we are mow involved in assaying the bands,

.. g zezoerature effacts and the interconnection with X-ray

Z2ta. A publication is about to be submitted.

Taraters Malaysiar Rubber Producers Research Association

(Hertford UK)

2zman Intensities

Sue to the coaxial nature of the sample area developed at
Southz=pton, intensities of Raman scatter are very reproducible.
Tnis observation has been exploited, corrections made for
instrizent sensitivity across the spectral range and adsorption
< the Raran scatter by the sample producing spectra against a
zzaninzful intensity scale. We have suggested that in future all
iguizZ thase results should be acceptable for publication only if

tr» inmzensity scale 15 Understandable and reproducible? !, Our

22ta ing rzasoning is being prepared for rapid publication.

“< Jirizing devvelopment raises the possibility thasz in future.
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. »
a Raman "equivalent®” to the extinction coefficient will be
available to all consultors of the literature or spectra
collections with enormous - benefit to industrial and other

analysts. -

3iosvystems +

1 vast range of biologically derived molecules have been studied including

Zsodstuifs, enzymes, carbohydrates, polypeptides, wood and natural fibres.

n: sciil phase pood spectroscopic results are usually produced but in
—eous so.uticn thz sutcome is disappointing. Some spectra can be obtained
.zration of little interest to the biochemical fraternity.

2.12 and a

.1, "o mintiiss have been preparsd for publication
--~x32zion I zasulisz Is In preparation for inclusion in a speci:l edition of

trechizice Actz to be devoted to F.T. Raman spectroscopy and its

Slozedical sa—ples suck as drugs (indomethicin for example) are more
~Toz=Iising. we Isve accumulated detailed spectra showing spectral
shzracteristics iniizative of conformation in drugs sorbed into lattices e.g.

s¥clodextrin which zre suTe to be of value. This work has been written up and

15 atout I br suz=ittes for publication.

ity of Nettingham, Department of Phzrmacological

h
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Papers in Press
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7\‘ éfookell, M Al-:i.eischmann. M Harriét 'and P Jﬁﬁéhdra. Chem

Phys Letts 149 123-127 (1988)

J M Chalmers, J G Eaves, J Howard, A Sanchez Blasquez & P
J Hendra. Proceedings ICORS London Sept 88, 19,15 p965,6

K Kruger, A Sanghez Blasquez, P J Hendra & H A Willis,
Polymer (1989)

I A M Royauld, P J Hendra, H A Willis & W Maddams. J. Raman
Spect (1989)

P J Hendra, C M Hodges, H A Willis & T Farley. J.Raman Spect
(1989)

J Akhavan, C M Hodges & P J Hendra. J.Raman Spect. (1989)

R Lowr. Ph.D Thoziz, Scuzharozen 1932
JoSur:zx. D Raw.enza, ¢ lassinzgham & 2 J Hendra. J.Catal
.193%]

G Ellis, P J Hendra, C H Jones, K D O Jackson & M J R
Loadrzzn. J.Raman Spect (1989)

4 A Willis, P J Hendra & T Jawhari. Spectroscopy
International (1989)

D Gani, P J Hendra, W Maddams, I A M Royaud, H A Willis, V
Zichy & M E A Cudby. J.Raman Spect (1989)
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3.1 During the grant period we have finished several programmes of
polymzer reszarch whilst others are approaching completion. Thus:-

(2) An investigation into the structural changes that occur
below the M.Pt.3* and the multiple endotherm peaks typical
of isotactic polypropylene has shown that the situation is

far sizsler than suspected. Only one phase is involved, the

multiple peaks arising from continuous annealing near the

meltizz point. This work is in press >®. P.E.E.I. behaves
szilar ﬁar znd is Leing
o= A stuir of the paraffins below C3¢ near thair melting points
has yielded evidence for the conversion to a one chain/unit
cell rmorphology. Further, the melt crystallized and
solution crystallized materials differ. This work is being

prepared for publication. This work has relevance to the

*freezing’ of diesel fuel.

2’ A study has been initiated into the processes that occur
durinz welding of polymers and the reasons behind their
mechz=nical weakness. The weakness is related to poor mixing
and -2 lack of longitudinal motion in the polymer chzins.
This work is ready for submission as a preliminary rnocze.

—_—

: A__r:z-zppraisal "hds beeri made of the well known and

tranzizion in low crystallinity polyethvlencs near -1:°°C.
we Z::7 it is in Zact a first order transition and thuz it
is ::.sed by the crystallizatiorn (o i lcanz the T-eal
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Again. this work

ordering) of parts.of the:disorrded ‘phase.

is about ready for submission.

Over the last four years an extended programme has been

continuing at Southampton involving research into the
structure of flowing melts. We have convincing data from
i.r., Raman and X.R.D. to show that orientation is minimal

aven when die swell is pronounced. The work 1is now

collected and ready for submission konly parts have been
published to date). When crosslinked polyvethvlene rubber
vi.e. POAjé:ha‘ene crasslinked with dicumyl peroxide and
2oint) is examinad, like a

.

-

flowing melt, which in some respects it models, it shéws
little or no orientation. On cooling whilst elongated,
oriented crystallization occurs due to oriented nucleation.
The orientation of the solid does not imply orientation in
the rubber (or melt, of course). This work has

been submitted®’. .

As part of our investigation into heat treatments and the
colecular processes that occur therein, we have been
examining the state of the disordered material in ultra
righly cold drawn polyethylenes. This phase behaves very

peculizrly and it is heated and does so irreversibly. This

w3rk ig ip press®:®.

2o extended study has been made on the mechanism at the

=s.2cu.. v level of plastic deformation of sexizrystallinc




" polymers. " The report has appeared®-!,

(h) The morphology and its reiécionship to the branch content
in L.L.D.P.Es has been repo?ted’f and tthmorpholgéy of
linear polyethylene crosslinked in their melts has also been
appraisedaj.. The result of these reports is to contribute

to our knowledge of the structure of melt crystallized

polymers.

1.2 BibIography
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Electrochemical Research -

4.

1

Introduction

The programme of research on Electrochemical processes continues
both at Southampton and also in liaison with the University of
Utah. 1In cddition to students wofking at Southampton several
visitors have joined the group for extended periods increasing the
output of work. Research success has been achieved in several
areas including X-raw diffraction of electrode electrolyte

interfzcas, micro and ultramicro electrode processes-and S.E.R.S.

e S
[oa ey

3
wii2

3 3.

2toT osaview of lpozitu measurements in elactrochenmical svrstenms
hzs baan presented at on2 of the weich Meetings held in Houstdn,
Texas (1987)“° whils:t another on processes in small systems has
been presented at one of the Surface Science Meetings held on
Campobello Island, New Brunswick and is to be published by

Springer Verlag.

One oI the principal investigators (Prof ! Fleischmann) has
recenzly been honoured* for his work on in situ techniques and
particularly the development of the SERS process and of X-ray
éiffrzztion from electrode surfaces; much of the work mentioned

in tha citazions was funded by O.N.R.

rwarli of the Pallziium--Medal of—the Armerican Electrochemical

3rolstv. Zlicted i tho Royal Sortmry, Bruéo~8reyep-nedal of the
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Further plenary papers on electrochemical "prc;cv:esses. at the
molecular level have been presented at the Electrochemistry
Conference of the Royal Australian Chemical Society (February
1983), held in Sydney and at the 39th Meeting of the International
Society for Eléctr?chéaistry held in Glasgow in September 1988.

-

X-Ray Diffraction at the electrode-electrolyte interface

Procress in this experimentally difficult area has -been
significant. The technique is fairly well developed and the

applications are now of prime interest. Thus, studies have been

cormlated at the surfaces cf platinum electrodes over a range of
~nstanticls e lifferenzaes 1 the Zlffractogramsz  at  two
2ct:ntlials Lselng cempared over long dat: zccumuiation periodst

T-:z technique has also been applied t> the under potential

deposition of thallium onto silver and zold electrodes “:> and
the effect of weakly adsorbed hydrogen on the surface structure

of platinum electrodes*-€,

In principle one does not need to confine oneself to metal
electrodes in this type of study. Recentlv X-ray transmission and

zflection diffractograms have been recorded off polyaniline

4]

lzztrodes in several electrolytes‘’. This work opens up several

nzv avenues of research particularly in view of the increasing

int2resT in electrically conducting poivzers.

Do~ qeaed inte— Surfaee- Enhanece Rizan  Spectroscopy in

T"-srreshomical Svgtems

Tr.: worn has involved the use o7 visiblic Lasers (more recent work




A

.mr.'r“m.n mc)odt«ier

covered in- soctiori 2.5) Vorking with. snooth silver electrodes
Fleischmamn and Tian induced SERS by depositing Nickel and Cobalt
layers*? whilst the same authors explored the effect of

underpotential and overpotential deposition of lead and thallium

on the underlying silver electrode using the SERS method*:®-10,
The possibility of obtaining SERS from iron electrodes has also
been investigated. A theoretical analysis of the Ferri/Ferro

cynanide system at electrode surfaces has also appeared‘-!! of

relevance to the new experiméntal work described in section 2.5._

T =z’ czsas, the use of a wide range oI laser wavelengths is

- A .. ~ - = A —- ST ey, -- h\ - ,.l‘\'\ .
______ 2T IIlllas AN 24Ul .Au---u}- <O LovET e Tal age ~5Lunm PRI

is particularly vaiuabdble.

Microelectrodes
Very rapid progress has taken place in this field and a large

azoun: of work has been published as follows:

-

Voltazetric wmethods have been applied in low conductivity

2lecirolytas by using the unique potential gradients typical of

12

zicrcelectzodes*: Work en the lead-acid battery has been

sontinued dy using mercury ultramicroelectrodes to determine Pb%*

413 and progress has been reviewed‘:!*, Most

scnisntrations®
Tezsnily the nucleation of = Pb0O, on carbon microelectrodes has

z::n invesTigated aT the motecular Fevel*:1S,. — - -

—

———

T owaluz of picroelectrodes as sensor:s and detectors has been

- -

R s e, ~—— e
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exp lored;' 15 . anda the:
investigated in detail':?’, The authors have pointed out that
measurements on the properties of the double layer with particular
reference to its structure and on coupled chemlical reactions are
in prospect using the ultramicroelectrode. —

.

Several other systems have been studied including the Cu?‘/Cu'/Cu

equilibrium*-!*® and the material is in press whilst Fleischmann

-znd Pons—have reported on the A.C. impedence_of microelectrodes
ralzting the diffusionzl! impedence of micro discs, rings, spheres

inZ 2vlinder 2lectrodes to that of planar systems*'19:20.3C.3¢

-.. z serias of papers F.eischmann, Pons et al have described work
on zicrodisc and microring electrodes including experiments and
analyses in the steady state,“2'?2 and in the unsteady state for
chronopotentiometry*-2*-3:2*  Chronoamperometry*-2*:25:26  linear

4.21,24

sweap aperometry and coupled chemical reactions in solution

$.23.27 A further series of papers giving more exact methods of
analysis of these topics is in course of
publication®-2%.29.30,31,22

Miscellaneous Electrochemical Results

Sevaral other fields nave been investigated and reports made
inzluding an observation of surface species on platinum
s~7loids*? using *9%Pr XMR. The zuthors showed zhat the resonance

iz _:itered by the addizion cacies_to the solution_known to

:hezises> to the plezinum suriace. Clearlv this exciting

Jtarzvaiion LiL1 open up a new Iield ef research on in-situ




4.6

investigations of electrode-solution interfaces.
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